Summary.-The production of a cytotoxic factor synthesized by human haemic killer cells growing in vitro is described. The factor can be found extra-and intracellularly. It is released from the cells by an apocrine form of secretion, illustrated by light and electron micrographs. The culture fluid from 14C-labelled killer cells reveals numerous radioactive bands following SDS-gel electrophoresis. The killing factor is precipitated by 30 to 60% saturation of ammonium sulphate. Cultures of human rhabdomyosarcoma and osteosarcoma cells are more susceptible to the killer cells than normal human dermal or lung fibroblasts.
Summary.-The production of a cytotoxic factor synthesized by human haemic killer cells growing in vitro is described. The factor can be found extra-and intracellularly. It is released from the cells by an apocrine form of secretion, illustrated by light and electron micrographs. The culture fluid from 14C-labelled killer cells reveals numerous radioactive bands following SDS-gel electrophoresis. The killing factor is precipitated by 30 to 60% saturation of ammonium sulphate. Cultures of human rhabdomyosarcoma and osteosarcoma cells are more susceptible to the killer cells than normal human dermal or lung fibroblasts. During contact of killer with target cells a higher level of cytotoxic activity can be detected in the culture fluid. The cell-killing activity is completely inactivated by 30 min at 60°C, but it is not absorbed by target cells during 1 h of incubation. The cytotoxic factor is unlikely to be an interferon since it did not prevent the replication of a wide range of viruses and only a low level of interferon could be detected in the culture medium. The introduction of Strep. faecalis into cultures of killer cells caused their transformation into immunoblast-like cells, indicating their lymphoid origin. The cells did not phagocytose the microorganism. When the humoral factor was injected into fibrosarcoma-bearing mice , 50 o survived, whereas all control animals died.
A WIDE spectrum of biological activities has beein attributed to factors present in supernatants from activated lymphoid cells (for a recent review see Granger et al., 1975) . These various factors have been grouped under the term "lymphokines". One of the numerous lymphokines is a factor (or factors) named lymphotoxin (L,T), which has been shown to induce direct cytotoxicity of target cells in vitro. Most of the work on lymphotoxin has been done with LT released by short-term culture of cells obtained from animals and man. Usually the T cells have been found to be involved in the production of LT. One form of LT release takes place when lymphoid cells from immunized animals or man are exposed in vitro to the same immunogenic macromolecules. As a result, LT will be released into the culture fluid, which can cause non-specific destruction of a wide range of target cells. Another 29 form of non-specific release of LT by T or B cells is when the cells from non-immunized animals are cultured in the presence of soluble mitogen such as phytohaemagglutinin (PHA) or concanavalin A (Con A).
In this paper, the properties of a cellkilling substance which is being synthesized and released by a new human killer cell line (Karpas, 1977) are described. The humoral factor released by these cells appears to differ from previously described LT, and is released spontaneously as well as following contact with target cells.
MATERIALS AND METHODS
Cells and culture conditions.-The method for growing the killer cells in continuous culture and their properties has been described in an earlier paper (Karpas, 1977) . For the experiments outlined in this report, the killer cells were grown as suspension cultures in water-jacketed 1-5-litre spinner vessels (T. W. Wingent Ltd., Cambridge). RPMI-1640 medium (Flow Laboratories) containing 10% foetal bovine serum and antibiotics was used as growth medium. Morphological studies were performed in the same way as described earlier .
Target cells.-The human cells used were (1) foetal skin and lung fibroblasts, (2) the KHOS line derived from an osteosarcoma (Rhim, Cho and Huebner, 1975) and (3) the A-204 line derived from a rhabdomyosarcoma (Giard et al., 1973) .
The animal cell lines used were derived from (1) dog thymus, (2) rabbit cornea, (3) mink lung and (4) murine fibrosarcoma (BALB-MSVDNA) (Karpas and Kleinberg, 1974) . These cell lines were used for the detection of cytopathic agents.
The human rhabdomyosarcoma line was used for the quantitation of the killing substance.
Viruses. supplemented with 10% FBS. After 3 days in culture, the cells were separated by a slow-speed spin and the supernatant spun again for 20 min at 10,000 g at 4°C. The supernatant fluids were collected separately and the 2 corresponding pellets were pooled and then frozen and thawed x 3 in 20 ml of their growth medium. After the third thaw, the homogenized cell suspension was spun for 20 min at 10,000 g and the supernatant fluid taken off.
A sample of culture medium from each of the 12 supernatant fluids (6 from culture medium and 6 from the pellets of the frozen and thawed cells) were dialysed for 30 h at 4°C against a x 20 volume and 2 changes of fresh medium. Each preparation was then sterilized by millipore filtration (0-45 jum pore size) supplemented with 10% calf serum, and quantitated for its cytotoxic activity on the human rhabdomyosarcoma cells. For control, cell lysates were prepared from human T and B cell lines.
Determination of the optimal saturation of ammoniuin sulphate for the precipitation of the cytotoxic factor.-To culture medium of the killer cells, increasing concentrations of saturated ammonium sulphate (300/', 40%, 500o, 60%, 70%o and 800/) were added and the 6 precipitated pellets were suspended separately in 0-90o NaCl (in 1/10 of the original volume) and dialysed at 4°C for 24 h against large volumes of 0-900 NaCl, followed by dialysis against fresh medium. The human rhabdomyosarcoma cells were used as target cultures for the assay of cytotoxie activity in the various precipitates.
Usually a precipitate was formed during the dialysis of ammonium-sulphate-concentrated killing substance. Therefore the fluid was spun at 10,000 g and the supernatant separated and assayed for the presence of the killing factor.
Test for absorption of cytotoxic substance.-Three pellets each containing 1P5 x 106 of the human rhabdomyosarcoma-derived cell line (A 204) were each suspended in 1 ml of medium which contained 16 cytotoxic units/ tube. One tube each was incubated in 0°C, 20°C and 37°C for 60 min with frequent intermittent shaking. At the end of the incubation period, the tubes were spun at 1000 rev/min for 15 min and the supernatant fluids were each titred for their cell-killing activity.
Thermolability. Culture medium containing 16 cell-killing units per ml was placed in 4 tubes. One tube each was incubated in a water bath for 30 min at 40°C, 50°C, 60°C and 70°C. Following the incubation, a 2-fold dilution of each preparation was done in growth medium. For each dilution 1 ml was added into each of 2 wrells containing 104 human rhabdomyosarcoma cells. Growth medium which was kept at 70°C for 20 min wN-as used as an additional control.
After 5 days of incubation, the contents of each wN-ell were trypsinized and the cells from each pair of wells wNere counted.
Effect of anti-IgM serumia on the killing substance.-Undiluted sheep anti-human-IgM (kindly provided by ]Dr 1. McConnell) was incubated with an equal volume of the killing substance for 1 h at 37°C. Likewise the killing substance was incubated with normal sheep serum. After incubation, 2-fold dilutions (1: 2 to 1: 8) of each preparation in growth medium were made and their effect on the cells was assessed by counting the number of cells alive after 5 days' cultivation.
Effect of bacteria on the killer cells.-A 2 ml culture of killer cells containing 5 x 106 cells was incubated with about 109 Streptococcus faecalis bacteria for 14 h. The cells were then separated from the bacteria by centrifugation over a Ficoll gradient and a cytocentrifuged smear was prepared from the cells at the top of the gradient and stained with MayGriinwald-Giemsa (MGG). Likewise, a B-cell line derived from a patient with acute myeloid leukaemia and a T-cell line derived from a patient with acute lymphoid leukaemia were incubated separately with the same microorganism, followed by MGG staining.
Incorporation of L-14C-lysine into secreted protein.
-3 x 106 killer cells were washed with lysine-free medium and then suspended in 1 ml of lysine-free medium containing 10% dialysed (against water) foetal bovine serum and L-14C-lysine (5 ,u Ci). Incubation continued for 24 h at 37°C in an atmosphere of 500 CO2. After incubation, the cell suspension was spun at 500 g for 10 min. The supernatant was collected and layered in 50 ,ul quantities on SDS-acrylamide gel for electrophoresis (Laemmli, 1970) and as controls we used a murine 14C-labelled IgG produced by a myeloma cell line and 14C-labelled supernatant from 3 human lines (1) SIg-negative T cells (Line 45) derived from T-cell ALL, (2) Slg-negative "null" cell line also derived from ALL (Line 117) (3) B cells (TAY line) which is known to secrete IgMK and was derived from a normal person. The 14C-labelled supernatants were also layered for acrylamide-gel electrophoresis.
Search for interferon effect by the killing substance.-Plate cultures of human embryo lung fibroblasts were incubated for 2 h with medium containing the killer substance. The medium was washed off and replaced by normal medium and separately infected at a ratio of about 1 infective particle per cell with the following human viruses: herpes simplex, adeno, polio 2 (Sabin strain), pox (vaccine strain) and Sendai virus. Also, untreated cells were infected with the same viruses at the same ratio. The cells were then observed for the development of a cytopathic effect during the following 2 weeks.
Animnal studies. Two experiments were performed. In the first, 18 adult BALB/a mice were each injected s.c. on their back with 5 x 105 murine fibrosarcoma cells. Medium from 3-day cultures of killer and malignant mouse cells incubated together at a ratio of 10 effector cells to 1 target cell was used for injections into 9 of the mice. Each mouse received s.c. injections in its back of 1 ml on Days 6, 10, 15, 20 and 25. The other 9 mice were kept as controls.
In the second experiment, 20 adult mice were each injected s.c. with 5 x 105 fibrosarcoma cells. Ten mice received s.c. injections of the medium described above (1 ml each) on Days 12, 17 and 21. The control mice in both experiments received injections of culture fluid on the same days.
RES ULTS
Screening for cytopathic agents
The target cells incubated for 2-5 h, with either killed or live killer cells, or concentrated or unconcentrated killing substance, showed only transient growth inhibition. After the second change of medium, the cells grew to the same density as the control cultures and remained indistinguishable from the control until the cultures were discontinued 4 weeks later. It is concluded that contact of target cells with the killer cells or killing substance must be prolonged in order to induce cell death, and therefore the death of the target cells could not be induced by a cytopathic agent.
Preparation and quantitation of the cytotoxic factor
The number of cytotoxic units obtained from each of the various culture conditions of the killer cells is outlined in the Table. The cytotoxic factor was spontaneously released into the culture fluid. That the factor was localized within cells could be demonstrated after disrupting the cells by 3 cycles of freezing and thawing. The addition of supernatant cell lysate to target-cell cultures caused cell death. As can be seen in the Table, on the whole more killing factor could be detected generally, intra-and extracellularly, when Test for absorption of the cytotoxic substance After 1 h of incubation of the cell-killing factor with the rhabdomyosarcoma cells, there was no detectable reduction in the level of cytotoxic activity, irrespective of the temperature at which the medium containing the killing factor had been in contact with the rhabdomvosarcoma cells.
Thermolability
The cell-killing factor was entirely inactivated after a 30 min exposure to 60°C and 70°C, while incubation at 40°C and 50°C caused no reduction in the efficiency of the cell killing.
Effect of anti-IgM serum
There was no decrease in the efficiency of the cell-killing activity in fractions which had been incubated for 1 h with sheep anti-human IgM when compared to samples pre-incubated with normal sheep serum or culture medium.
Effect of bacteria on the killer cells
The introduction ofStreptococcusfaecalis into the cell cultures induced a morpho- logical transformation of the killer cellsfrom a relatively large cell with a low nucleus/cytoplasm ratio ( Fig. 1 ) into smaller and densely stained cells with a higher nucleus/cytoplasm ratio (Fig. 2) . In addition, the blebs appear to have changed from being irregular in outline with an irregular formation of cytoplasmic protrusions into having a well defined cell membrane with fewer but well defined and densely blue-stained blebs. Intracytoplasmic microorganisms were seen in less than 1 in 1000 cells.
Incorporation of L-14C-lysine into secreted protein In Fig. 3 In the first experiment, all 9 control mice developed fibrosarcoma and died within 6 weeks, while only 4/9 mice which were injected with the killing substance developed and died of this malignancy. The 4 mice died within 10 weeks. The other 5 mice remained free of visible tumour 5 months after the initial inoculation. In the second experiment, all 10 control mice developed the malignancy and died within 6 weeks. On the other hand, of the 10 mice which received 3 injections of the humoral factor, 4 failed to develop any sign of the malignancy for over 3 months. The other 6 mice died within 10 weeks. In a recent paper the properties of a new and unusual human haemic cell line have been described (Karpas, 1977) . Although the cells were derived from the blood of a patient with a T-cell acute lymphoblastic leukaemia, the cultured cells differed in several aspects from T-cell lymphoblasts. Morphologically, they appeared as large cells with abundant cytoplasm shedding fragments of membrane- The rough endoplasmic reticulum appears empty, but numerous fragmeints of membrane-bound cytoplasmic matrix appear to bud from the cell surface. x 7500.
bound cytoplasmic matrix (Fig. 1) . The budding off of fragments of cytoplasm of various sizes could also be seen by electron microscopy. Fig. 4 illustrates the ultrastructure of a cell which appears to release actively numerous fragments of membranebound cytoplasmic matrix. It is interesting to note that the rough endoplasmic reticulum (RER) in this cell appear to be empty, while the RER of cells which do not actively release blebs appears to be distended and full, presumably of protein (see Fig. I in Karpas, 1977) . Thus, the empty RER together with active blebbing suggest an apocrine form of secretion, which correlates with the biosynthetic studies as illustrated by numerous radioactive bands of various densities in the SDS gel after electrophoresis of cell-free culture fluid (Fig. 3) . However, this apocrine form of secretion makes the isolation and purification of the cytotoxic factor a difficult task. During the earlier studies it has been established that the killer cells secrete also large quantities of IgM, and in the autoradiographs of the SDS gel the heavy band of the t chain appears to correspond to the faint band of ,u chain known to be produced by the human B cells (TAY line). However, since the cytotoxic activity could not be neutralized by anti-IgM serum, and since it does not require complement, it is unlikely that the humoral killing is due to an antibody.
The cytotoxic substance appears to be highly soluble since it did not precipitate in low ionic strength and the entire cellkilling activity remained in suspension. But it is unlikely to be the common interferon, since it crosses species barriers and because the treatment of cultured human embryo lung cells for 2 h with the cytotoxic factor did not prevent the replication of a wide range of viruses. In addition, direct quantitation of interferon in the culture fluid of the killer cells revealed < 20 IF units/ml (Dr H. Strander, personal communication). The cytotoxic factor also appears to differ from lymphotoxins (LT) in both its absorption rate and thermolability. While it has been reported that LT absorbs to target cells within seconds at 0-37°C, even 1 h of absorption was not sufficient to lower the level of the cytotoxic factor from the culture fluid. However, the cytotoxic factor was completely inactivated after 30 min incubation at 60TC, while LT were reported to be inactivated only at 85°C (Granger et al., 1975) . Karpas, 1977) .
The response of the killer cells to the introduction of Strep. faecalis into the culture caused a morphological transformation to an "immunoblast-like" cell. This contrasts sharply with (1) the failure of T cells to respond to Strep. faecali8 and (2) the phagocytic activity induced in cell lines derived from myeloblastic leukaemias .
Repeated experiments to determine the effect of the killer cells on normal and malignant human cells growing in vitro have indicated that the malignant human cells were more susceptible to the killing effect than normal human foetal fibroblasts derived from either dermis or lung. Fig. 5 illustrates the higher susceptibility of the human osteosarcoma-derived cells (line KHOS) than that of human foetal lung fibroblasts.
In addition, when comparing cellular with humoral killing (Table I and Fig. 5 ) it is evident that cellular killing is approximately 100 times more efficient than humoral killing. The direct contact of killer cells with target cells leads to increased production of the cytotoxic substance and may also bring about a more efficient use of the killing factor.
It was interesting to note that, in those wells with less than 1% of the target cells surviving by the end of the first week in the presence of cytotoxic factor, the residual cells divided and began forming a confluent sheet of cells during the second week, even without changing the medium.
In the experiments with tumour-bearing mice the effect of the cytotoxic factor on the progression of the implanted tumours was studied only after the tumour was well established. In the first group of mice, injections of the factor started on the 6th day after implantation, while in the second group treatment started on the 12th day. The significant percentage of tumour-free mice (55% and 40%) in the treated groups confirms the earlier reported observation on the beneficial effect of the cytotoxic factor. Those encouraging observations make it worthwhile to investigate the effect of the cytotoxic factor on the development of other forms of malignancies in mice as well as in other laboratory animals and, if successful, in man.
Recently a phenomenon which has been termed spontaneous lymphocyte-mediated cytotoxicity (SLMC) by non-thymusderived lymphocytes from normal indi-viduals has been described (Pross and Jondal, 1975; Peter, Fifes and Kalden, 1976) . Subsequently it was shown that the cells which are involved in SLMC have both Fe and C3 receptors (Pross and Baines, 1976) and that they develop in vitro into SmIg-positive lymphocytes (Chess, Levine and MacDermott, 1975) . Pross an(d Baines (1976) also demonstrated that lymphocytes from normal donors showed significant activity in SLMC assay, while lymphocytes from many patients with malignant disease had markedly decreased SLMC. It was also suggested that this activity may be mediated by way of a nion-immunoglobulin, lymphotoxinlike stubstrance (Peter et al., 1976) .
Since the culture killer cells have both Fe and (13 receptors as well as SmIg, and release a non-immunoglobulin cell-killing factor, it would not be unreasonable to suggest that it might represent an outgrowth of the natural killer cells. The chemical nature and mode of action of the cytotoxic factor are now being investigated.
